THE manner by which carcinogenic agents induce neoplastic growths is unknown in spite of the large amount of work which has been carried out on the chemistry of carcinogenesis. Epidermis was chosen as the tissue of choice for the work reported here for reasons given previously (Carruthers, 1950). Various stages in the malignant process such as methylcholanthrene-induced hyperplastic epidermis, papillomas and squamous-cell carcinomas were investigated. These phases were studied because large changes were sought in the present study particularly since the various degrees of intermediate and late epidermal hyperplasia show little, if any, significant chemical alterations (Carruthers, 1950). Also the recent studies of Rudall (1952) on the structural (urea extractable) proteins of beef snout epidermis offer some background for the proposed work. The structural proteins of epidermis may play a role in the adhesiveness of squamous cells (Rudall, 1952) and alterations in such proteins may account for the invasiveness and metastasis of skin carcinomas. In addition to the urea extractable protein (Carruthers, Woernley, Baumler and Kress, 1955) Croton oil treated epidermis served as a control since a huge number of normal mice would have to be sacrificed to yield sufficient epidermis from which to extract the proteins in large enough quantities for characterization. Croton oil treated epidermis shows a relatively benign hyperplasia since numerous applications of this material are necessary to elicit a good carcinogenic response in many mice (Roe, 1956) . The epidermis was removed from the dermis at 50°C. (Baumberger, Suntzeff and Cowdry, 1942) . Papillomas from many mice were pooled and then stored at 0-4°in 95 per cent alcohol until the amount was ample for extraction of the various proteins. Methylcholanthrene induced squamous-cell carcinomas were pooled from some 15 to 20 mice, and a small piece from each cancer was fixed and stained for histological examination. The remainder was cleaned of necrotic and connective tissue and placed in 95 per cent alcohol. The urea extract-
.
METHODS
The hair from groups 70 to 100 of Bagg or Swiss albino mice was removed from the back with an electric clipper prior to the application of methylcholanthrene (0.6 per cent in benzene) or of croton oil (1 per cent in the same solvent) with a camel-hair brush No. 4 to an area about 2.5 cm. wide and 4.5 cm. long.
Croton oil treated epidermis served as a control since a huge number of normal mice would have to be sacrificed to yield sufficient epidermis from which to extract the proteins in large enough quantities for characterization. Croton oil treated epidermis shows a relatively benign hyperplasia since numerous applications of this material are necessary to elicit a good carcinogenic response in many mice (Roe, 1956 ). The epidermis was removed from the dermis at 50°C. (Baumberger, Suntzeff and Cowdry, 1942) . Papillomas from many mice were pooled and then stored at 0-4°in 95 per cent alcohol until the amount was ample for extraction of the various proteins. Methylcholanthrene induced squamous-cell carcinomas were pooled from some 15 to 20 mice, and a small piece from each cancer was fixed and stained for histological examination. The remainder was cleaned of necrotic and connective tissue and placed in 95 per cent alcohol. The urea extract-able and alkali soluble proteins were isolated and purified as previously described (Woernley, Carruthers, Regent and Baumler, 1957; Carruthers, Woernley and Hittleman, 1957) .
In the sedimentation measurements a synthetic boundary cell was used with a Spinco Model An-D analytical rotor in a Model E ultracentrifuge. The advantage of this type of cell is that sharp schlieren peaks are initially formed for the more or less polydisperse proteins under investigation (Woernley, Carruthers, Regent and Baumler, 1957) . Sedimentation constants, st, were calculated from the slopes of log x versus t plots where x is the distance in cm. of the schlieren peak from the axis of rotation at time t in seconds. The s20 values were obtained with the aid of Svedberg's reduction formula (Svedberg and Pedersen, 1940 (Moore and White, 1948; Moore, Roberts, Costello and Schonberger, 1949) .
RESULTS
In Rudall's (1952) original studies on the fibrous and non-fibrous (structural) proteins of beef snout epidermis, maximum insolubility of the former at pH 5.5 and of the latter at pH 4.5 respectively was employed for isolation and purification procedures. The mobility of each of these proteins was determined in 0.2 ionic strength buffers (Miller and Golder, 1950) as a function of pH. Due to the insolubility of these proteins between pH 4 and 6, accurate measurement of the isolectric points was impossible. Fig. 1 and 2 show respectively the variation in mobility with pH of the fibrous and non-fibrous proteins of beef snout epidermis. In the electrophoresis of these protein preparations a single electrophoretic component was usually present; these patterns were quite sharp at the lower pH levels but became broader above pH 7.0. These observations indicate that the two proteins are fairly homogeneous.
Homogeneity is further indicated in the electrophoretic patterns of the alkali soluble protein (Fig. 3) and of the urea extractable protein (Fig. 4) of methylcholanthrene induced papillomas. These patterns were thus employed for the calculations of the mobility of the urea and alkali soluble proteins of normal and pathological epidermis.
The mobility of the urea extractable protein of the squamous cell carcinomas was somewhat greater than that of the protein of papillomas and of croton oil oil and methylcholanthrene treated epidermis (Table I ). The average mobility of the alkali soluble protein (which precipitated maximally at pH 5.5 and hereafter denoted as the alkali soluble protein (Woernley, Carruthers, Regent and Baumler, 1957) ) was nearly the same for the carcinomas, papillomas and treated epidermis.
The average mobility of the urea and alkali soluble protein of human epidermis was greater than that of croton oil or methylcholanthrene treated mouse epidermis (Table I) . Extraction of two samples of human basal cell carcinomas with 6M urea failed to yield any protein which precipitated at pH 5.5 although the one which flocculated at pH 4.5 was obtained in the usual manner. 4'2i0 1 (3) Beef snout epidermis .
. .
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3'4±02 (3) * Numbers of samples are given in parentheses. For the croton oil and methylcholanthrene treated groups 70 to 100 mice were used for each analysis and for the papillomas and carcinomas, about 300 and 20 mice respectively were employed.
t Electrophoresis was carried out in phosphate buffer-NaCl solution of pH 7.4 (r/2, 0.2) at 1.5°C .
The mobility of the proteins from beef snout epidermis was quite similar to that obtained for the proteins from mouse epidermis. The mobility of the urea and alkali soluble proteins of beef snout epidermis was not appreciably affected by pre-extraction of this tissue with a solution of ether and alcohol (equal volumes) or with ether alone. These experiments were carried out since the lipids of mouse and human epidermis had to be removed prior to the extraction of this tissue with 6M urea. This step was necessary since urea-lipid complexes, which formed creamy homogenates, prevented isolation of the various proteins.
The sedimentation constants, st, were determined at 3-5 different concentrations of the proteins in 0.05M borate buffer and in 0.05M borate in 6M urea. A plot of log x versus t where x is the distance in cm. of the schlieren peak from the axis of rotation at time, t, in seconds, is shown in Fig. 5 . The s20 values were then obtained with the aid of Svedberg's reduction formula.
The average s20 values and intrinsic viscosity [N], of the urea and alkalisoluble proteins of mouse epidermis in various states are shown in Table II . There was no significant change in the average 820 value of either protein in the epidermis undergoing carcinogenesis. The 820 value of the urea extractable protein was nearly the same in borate buffer as in borate buffer-6M urea. However, the schlieren peaks of this protein were much sharper in borate-6M urea solution (Fig. 6 ) than they were in the borate buffer alone (Fig. 7) . The s20 constants of the alkali soluble proteins were larger than those of the urea extractable protein and they showed some decrease in borate-6M urea solution as compared to borate buffer alone.
There was no significant difference in the average intrinsic viscosity of the urea soluble protein of epidermis undergoing carcinogenesis (Table II) and carcinomas may be of some significance but more analysis would be necessary to prove this. The increase in intrinsic viscosity of the alkali soluble protein in borate buffer urea solution as compared to that in borate buffer alone is probably due to an increase in axial ratio or asymmetry of the protein molecule ((Putnam, 1953) . The s20 and intrinsic viscosity of the urea and alkali soluble proteins of human and beef snout epidermis are shown in Table III . The 820 and intrinsic viscosity values were of the same order of magnitude for the proteins of each type ofepidermis and they were greater than for the same proteins of croton oil treated mouse epidermis. The decrease in 820 of the alkali soluble proteins in borate-6M urea buffer as compared to the buffer alone was similar to that found for mouse epidermis. The partial specific volume V of the urea extractable protein from croton oil treated epidermis was determined with borate buffer as the solvent, and assuming no solvation a value, V = 0.744 c.c./g. was calculated from density measurements. In Table IV are listed viscosity increments, extrapolated to zero volume fraction ((-= 0), axial ratios, frictional coefficients, so values and average molecular weights of the urea and alkali extractable proteins in 0'05M borate buffer. In the calculation for axial ratio frictional coefficient and molecular weight a prolate ellipsoid-shaped molecule was assumed (Golder, 1953; Simha, 1940) .
From Table IV , it is seen that the urea extractable protein has a lower molecular weight than the protein extracted by alkali from the residue of the urea extracted epidermis. The latter in its original state is probably held together by stronger bonds than the former and the alkali soluble protein is probably more keratinous. (Giroud and Leblond, 1951; Mercer, 1949 ).
Rudall's studies on the fibrous protein of epidermis indicated that this protein, a prekeratin, is a part of the tonofibril (Rudall, 1952 sharper and the sedimentation constants were lower in the borate buffer-6M urea solutions than in the borate buffer alone. The latter difference is probably due to an increase in asymmetry of the protein molecules in the urea solutions.
SUMMARY
Certain urea and alkali-soluble proteins of mouse epidermis undergoing carcinogenesis and of human and beef snout epidermis were investigated.
The average mobility of the urea extractable protein of croton oil and methylcholanthrene treated epidermis was lower than that of the papillomas and carcinomas. The average mobility of the alkali soluble protein of these tissues was not appreciably different. The average sedimentation constant of the urea and alkali soluble proteins of croton oil and methylcholanthrene treated epidermis, papillomas and carcinomas were not appreciably different. The average intrinsic viscosity of the alkali soluble protein was greater for the croton oil and methylcholanthrene treated epidermis than for the carcinomas. The average intrinsic viscosity of the urea extractable protein of these tissues showed no appreciable difference. The sedimentation constant was less and the schlieren peaks were sharper for the epidermal proteins in 6M urea borate buffer solution than in borate buffer alone. The former difference is probably due to the protein molecules being more asymmetrical in the urea solution than in the borate buffer alone.
